Between 80 and 90% of the 18-22S Newcastle disease virus intracellular RNA molecules contain poly(A) sequences. Electrophoresis of the 188 RNA in formamide-polyacrylamide gels resolves five species with similar relative migration rates and in similar relative proportions to the five species resolved by electrophoresis in aqueous gels. Thus, these five RNA species are probably unique size classes of RNA and not different conformations of the same RNAs. They are of sufficient size to code for the five smaller Newcastle disease virus proteins, and their combined molecular weights represent 60% of the viral genome -a value identical to that obtained by annealing 18-22S RNA with genome RNA. Formamide or heat treatment of the 22S RNA converts most of it into species with migration rates similar to those of the 18S species. Thus, the 22S RNA may not contain unique RNA species.
Between 80 and 90% of the 18-22S Newcastle disease virus intracellular RNA molecules contain poly(A) sequences. Electrophoresis of the 188 RNA in formamide-polyacrylamide gels resolves five species with similar relative migration rates and in similar relative proportions to the five species resolved by electrophoresis in aqueous gels. Thus, these five RNA species are probably unique size classes of RNA and not different conformations of the same RNAs. They are of sufficient size to code for the five smaller Newcastle disease virus proteins, and their combined molecular weights represent 60% of the viral genome -a value identical to that obtained by annealing 18-22S RNA with genome RNA. Formamide or heat treatment of the 22S RNA converts most of it into species with migration rates similar to those of the 18S species. Thus, the 22S RNA may not contain unique RNA species.
Recent studies in our and Trudy Morrison's laboratories (7, 11, 16 ) have been directed toward the identification and characterization of the mRNA's of Newcastle disease virus (NDV). The major size class of single-stranded RNA, synthesized during infection of chicken embryo cells by NDV, is 18-22S RNA, which is complementary to virion RNA (5) . This RNA has the following properties of mRNA: it is found associated with polysomes (5; B. B. Spanier, C. W. Clinkscales, M. A. Bratt, and T. G. Morrison, manuscript in preparation); it contains poly(A) sequences (16); and it directs the synthesis of at least three of the six known NDV polypeptides in a cell-free protein-synthesizing system (11) . Aqueous sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis resolves the 18S NDV RNA into five species and the 22S NDV RNA into two species (7) . These species, all of which contain poly(A) (16), are large enough but more than sufficient in number to serve as monocistronic messengers for the five smaller NDV proteins (9 , 1975) , while the combined estimated molecular weight of the seven species is greater than that of the genome RNA (7). We, therefore, analyzed the 18-22S RNA on polyacrylamide gels containing formamide. Under these conditions, aggregation and conformational differences among the species should be minimized (12, 15) .
In this communication we show that electrophoresis in the presence of formamide, rather than in aqueous gels, provides better resolution of the intracellular 18-22S RNAs. The five 188 RNA species have similar relative migration rates and are found in similar proportions when resolved in the two gel systems. This suggests that these five species are unique size RNAs and not different conformations of the same RNAs. However, the behavior of the 22S RNA in the presence of formamide, or after formamide or heat treatment, suggests that it may not contain species different from the 18S RNAs. Oligo(dT)-cellulose chromatography was done as follows: RNA, in 1 ml of column binding buffer (2 x SSC, 0.1% SDS), was added to a column of 0.1 g of oligo(dT)-cellulose. The column was then washed with 3 ml of binding buffer. To elute the bound RNA, the column was washed with 4 ml of elution buffer (0.01 M Tris, pH 7.4, 0.1% SDS). Oligo(dT)-cellulose-purified RNA refers to that RNA which binds to the column in high-salt buffer and is eluted in low-salt buffer.
Aqueous polyacrylamide gel electrophoresis was done in 4% acrylamide-ethylene diacrylate crosslinked gels in E buffer (0.04 M Tris, 0.03 M NaAc, 0.001 M EDTA, pH 7.2). The electrophoresis buffer was E plus 0.3% SDS, and the gels were run for 11 h. Electrophoresis, slicing, and counting of gels were done by the method of Collins and Bratt (7), except that the counting fluid was Aquasol.
Formamide-polyacrylamide gel electrophoresis.
[3H]uridine-or 32P-labeled RNA was electrophoresed in 3.75 or 4% acrylamide slab gels containing phosphate-buffered formamide, as described by Rose and Knipe (13) , except that electrophoresis was for 24 h at 80 to 120 V. NDV RNA was usually oligo(dT)-cellulose purified before gel analysis. This purification reduces the amount of RNA that sticks to the top of the gels. When 32P-labeled RNA was analyzed after electrophoresis, the gel was autoradiographed for about 15 h. The individual 32P-labeled RNA bands were cut from the gel, and the RNA was eluted from the gel slices and purified by oligo(dT)-cellulose chromatography, all as described by Rose and Knipe (13) . For autoradiography of [3H]uridinelabeled RNA, the gels were impregnated with PPO, dried, and then autoradiographed for 7 days by the procedure of Bonner and Laskey (3).
RNase digestion was done by incubating the RNA in 2x SSC, 50 ,ug of pancreatic RNase per ml, and 25 U of T1 RNase per ml at 37 C for 60 min.
For further purification, 18 and 22S RNAs were individually pooled from sucrose gradients, resedimented through sucrose gradients, and individually pooled again. This purified RNA was used in the experiments described in Fig. 4 and 5.
Formamide treatment was done in either of two ways with similar results. RNA was incubated in 99% formamide containing 0.01 M Tris, pH 7.4. Incubation at room temperature or at 37 C for 2 or 30 h gave similar results. RNA was either diluted into gradient sample buffer (SDS-standard buffer) or gel sample buffer (E plus 0.3% SDS plus 15% glycerol) and then analyzed by sedimentation or electrophoresis. Alternatively, RNA was treated with formamide, ethanol precipitated, and resuspended in sample buffer for sedimentation or electrophoresis.
Heat treatment involved placing the sample in a boiling-water bath for 2 min and then quenching in ice water while diluting with ice-cold buffer. Heat treatment had the same effect on 22S NDV RNA as did formamide treatment.
RESULTS
Oligo(dT)-cellulose chromatography. Before analyzing the 18-22S RNAs, we felt it imperative to known the extent to which these represent complete molecules. A close approximation of this is indicated by the fraction of these molecules that contain poly(A) sequences; products of premature termination of transcription or breakdown products (at least of the 5' ends) of the other RNA species would probably lack poly(A). Although we have previously shown that poly(A) is associated with each of the 18-22S RNA species (16), the fraction of molecules containing poly(A) was not determined. We, therefore, chromatographed [3H]adenosine-labeled 18-22S RNA on an oligo(dT)-cellulose column (2) . Eighty to ninety percent of the radioactivity bound to the column, indicating that the vast majority of the molecules contain poly(A). [That selection by these columns is based on poly(A) content was indicated by the fact that the [3H]adenosinelabeled RNA which did not bind was only 7% resistant to T1 and pancreatic RNase digestion, compared with values of 16 to 18% for either the unfractionated or binding fraction of these 18-22S RNAs. The efficiency of this procedure for selecting poly(A)-containing RNA was indicated by the fact that, when rechromatographed through the columns, almost 100% of the RNA in both the binding and nonbinding fractions behaved as it has previously (S. R gel containing formamide. A densitometer tracing of the region of the gel containing the 18-22S NDV RNAs is also shown. The pattern of the 18-22S NDV RNAs is similar to that observed on aqueous gels (Fig. 1A) , and the peaks are, therefore, numbered accordingly. (The diffuse band migrating more slowly than 288 rRNA, seen on the autoradiogram but not included in the tracing, is not observed when 18-22S RNA alone is electrophoresed. It probably contains 35S and 50S NDV RNAs.) The relative proportions and relative migration rates of the 18-22S peaks are similar in both gel systems. (Compare the patterns on formamide gels in Fig. 2 with those on aqueous gels in Fig. 1A and  3. ) However, there is significantly less radioactivity in the region of RNAs 6 and 7 (relative to species 1 to 5) on the formamide gels. Almost 25% of the radioactivity on aqueous gels of the 18-22S RNA is found in peaks 6 and 7, compared with a value of less than 10% on the formamide gels. As on aqueous gels (Fig. 1) , the patterns of oligo(dT)-cellulose binding and unfractionated 18-22S NDV RNA are quite similar on formamide gels (not shown).
Since electrophoretic mobilities of RNAs in formamide gels are thought to be independent of conformation (12, 15) , migration in these gels should provide a more accurate measurement (7) . of molecular weight than migration in aqueous gels (12, 15) . On the formamide gels there is a linear relationship between the migration rates and logarithms of the molecular weights of 16S, 18S, 23S, and 28S rRNAs (not shown). Therefore, these RNAs were used as standards to estimate the molecular weights of the 18-22S NDV RNAs. These values are 10 to 20% less than those estimated from migration in aqueous gels (Table 1) .
To confirm that the bands on formamide gels correspond to those observed on aqueous gels and to assess their purity, RNA was eluted from each band on a formamide gel similar to the one in Fig. 1 but containing 32P-labeled oligo(dT)-cellulose-purified 18-22S NDV RNA. (Bands 3 and 4 were not well enough resolved from each other to excise them separately.) RNA from each band was then oligo(dT)-cellulose purified and coelectrophoresed with oligo(dT)-cellulosepurified [3H]uridine-labeled 18-22S RNA (Fig.  3) . RNA from bands 1, 2, 3-4, and 5 ( Fig. 3A to D) coelectrophorese with the corresponding peaks on the aqueous gels. Most of the radioactivity eluted from bands 6 and 7 migrates slightly faster than the 228 RNA that hadn't been exposed to formamide (Fig. 3E and F) . RNAs 1 to 5 are contaminated with small amounts of faster-migrating species. RNAs 6 and 7 are considerably more contaminated.
22S RNA. Since the ratio of 18S NDV RNA (species 1 to 5) to 22S NDV RNA (species 6 and 7) is different in aqueous and formamide gels, we further investigated the effect of treating the 188 and 22S RNA with formamide. 18S and 22S NDV RNAs were each purified by sequential velocity sedimentation, as described above. Each was then resedimented after treatment with or without formamide. Figure 4A shows that there is little effect of formamide on the sedimentation of 18S NDV RNA. In contrast, the majority of 22S NDV RNA (65 to 85%) sediments at 18S after formamide treatment (Fig.  4B) . Furthermore, after formamide treatment, the majority of 22S RNA shows a distribution on aqueous gels similar to the 18S NDV RNA species 1 to 5 (Fig. 5) . Some radioactivity continues to sediment at 22S after formamide treatment ( Fig. 4B and 5B), and this material electrophoreses slightly faster than untreated 22S RNA (like the RNA eluted from bands 6 and 7 in formamide gels, as in Fig. 3E and F) . The same effect is produced by heating 22S RNA, as described above.
To determine whether this residual RNA can be converted into the NDV 18S species by a second formamide treatment, we electrophoresed this RNA in aqueous gels after treatment with or without formamide (not shown). The (14) .
The five 18S NDV RNA species are in the right size range (see Table 1 ) to code for the five smaller NDV proteins, HN (67,000 daltons), F0 (60,000 daltons), NP (56,000 daltons), 47K (47,000 daltons), and M (41,000 daltons) (9) . Using molecular weight estimates derived from migration in formamide gels, the combined molecular weight of these RNAs is 3.4 x 106, which is approximately 60% of the 5.4 x 106 molecular weight of the genome RNA (10) . This is the same percentage of the genome represented in 18-22S RNA, as determined by annealing experiments (B. Spanier-Collins, Ph.D. thesis, Harvard Univ., Cambridge, Mass., 1975) . This, coupled with the earlier annealing data of Bratt and Robinson (5), suggests that there are species with overlapping sequences in the 18-22S NDV RNA. The 358 mRNA (with a molecular weight of -2 x 106), which is also complementary to genome RNA and codes for the "L" protein of NDV (B. B. Spanier, C. W. Clinkscales, M. A. Bratt, and T. G. Morrison, manuscript in preparation), would account for the other 40% of the genome. Thus, the total coding capacity of the NDV genome RNA can be accounted for without the 22S RNA. (In the case of Sendai virus, it has been shown that the 18S RNA contains sequences complementary to 60% of the genome and the "33S" RNA contains sequences complementary to the other 40% of the genome [14] .)
Although the majority of 22S NDV RNA seems to be another form of the 188 species, there still exists the possibility that some of it may not be. Some residual RNA always migrates in the region of RNAs 6 and 7 after heat or formamide (at room temperature, 37 C, or 60 C) treatment. The mobility of this residual RNA is not affected by formamide treatment. Also, this RNA always appears as two distinct bands (species 6 and 7) on formamide gels. There may also be some "24S" RNA of Sendai virus that is not converted to 188 after dimethyl sulfoxide treatment (14 
